It is assumed that the effective viscosity for turbulent flows can be written as laey--pt + I.tr where the laminar viscosity lh is calculated using a power-law for its dependence on temperature. The turbulent viscosity _ is computed using the low-Re k-co model described by Garg and Ameri (1997).
The turbulent thermal diffusivity is computed from
where a constant value of 0.9 is used for the turbulent Prandtl number,
PrT.
Boundary, Conditions
At the main flow inlet boundary located at an axial distance equal 
COMPUTATIONAL DETAILS
A multi-block grid has been generated for the VKI rotor with three staggered rows of shower-head holes, using the commercial code For computational accuracy the ratio of two adjacent grid sizes in any direction was kept within 0. The code requires about 23 Mw of storage with all blocks in memory, and takes about 5 s per iteration for two levels of multi-grid.
A case requires about 1200 iterations to converge.
COOLANT

FLOW CHARACTERISTICS AT HOLE-EXITS
A typical hole-exit plane is shown in Fig. 3 where the local holecoordinates s and z are also displayed. Since the shower-head holes are cylindrical and inclined 30°to the spanwise direction, the hole-exit is elliptical with an aspect ratio of 2.0. Based on the previous study The small differences (on the suction side of the blade) between the results using the current coolant flow distributions at the hole-exits and the earlier analysis (Garg and Rigby, 1999) wherein the plenum and hole-pipes were also gridded are due to the fact that even with 128 grid cells within the small hole opening on the blade surface, the thin boundary layer within the hole-pipe is not resolved completely unless the computation is extended inside the hole-pipe. Figure 8 shows the grid within the hole-exit for (a) the current simulation, and (b) the earlier study (Garg and Rigby, 1999) . Even if the number of grid cells within the hole-exit is doubled for the current simulation, it will not be anywhere close to the resolution of the hole-rim in the earlier study. As discussed later on, it is doubtful whether such a high resolution, as used in the earlier study, is required. It is also interesting to note that using the l/7th power-law instead of the current distributions at the hole-exits yields fairly good results as far as the span-averaged heat transfer coefficient on the blade surface is concerned. The local heat transfer coefficient values are, however, quite different as is evident from Fig. 9 , where the leading-edge region is detailed for case 155 for (a) 1/7th power-law profiles at the hole-exits, Co) current profiles, and (c) when the plenum and hole-pipes are also gridded (Garg and Rigby, 1999). Figure 9 shows the heat transfer coefficient contours at an interval of 100 W/m-'-K.
Unfortunately, there are no span-resolved experimental data for comparison with the results in Fig. 9 . However, it is expected that the results in Fig. 9 (c) are closer to reality than those in Fig. 9 (a) or 9(b) since they are not based on any assumption about the coolant flow characteristics at the hole-exits. Clearly, the results in Fig. 9(a) are very different from those in Fig. 9 (c), while those in Fig. 9 ('0) are quite close to those in Fig. 9 (c). For local values of the blade heat transfer coefficient, therefore, proper specification of the coolant flow characteristics at the hole-exits is essential, and it is not really necessary to resolve the boundary layer along the hole-pipe as well as was done by Garg and Rigby (1999) (cf. Fig. 8(b) ).
Based on the present simulation, 
